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(54) AN ARTICLE HAVING A LOW COEFFICIENT OF FRICTION 
HYDROPHILIC COATING AND A METHOD OF PROVIDING THE COATING 



(71) We. BIOSEARCH MEDICAL 
PRODUCTS INC., a corporation organized 
under the laws of the State of New jersey. 
United States of America, of 77 Tiilman 
5 Street. Raritan. New Jersey 08869. L'nitcd 
States of America, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particular- 
10 ly described in and by the following state- 
mcnt:- 

For numerous applications, particularly in 
the medical, veterinary and biological fields, 
such as contact lenses, catheters peristaltic 

15 pump chambers, condoms, implant mate- 
rials, arteriovenous shunts, gastroenteric 
feed tubes and endotracheal tube^ it is 
desired to have a material such as a 
polyurethane. acrylic polyester, or vinyl 

20 resin or a rubber having a much iower 
coefficient of friction when wet than is 
possible with those materials per sc. 

In the prior art polyvinylpyrollidone has 
been chemically grafted to a polymer subs- 

25 tratc by first activating the substrate by 
irradiation or chemically. The resultant 
coating does not have a very low coefficient 
of friction. Polyurethane coatings are well 
known, but do not have a very low coeffi- 

30 cient of friction. Heretofore, polymer subs- 
trates have been given a lower coefficient of 
friction by coating them with a non- 
permanent coating such as silicone or given 
a fluorocarbon coating neither of which is 

35 hydrophilic and which do not have a^ low a 
coefficient of friction as desired. Also 
fluorocarbon coatings arc hard to handle 
because they have a low coefficient of 
friction at all times. 

40 These problems have been solved surpris- 



ingly by this invention by providing a 
coating of polyvinylpyrollidonc-pol y- 
urethanc interpolymer. The hydrophilic 
coatings of this invention arc advantageous 
since they have a very low coefficient of 45 
friction when wetted with a water base 
liquid or a lower aliphatic alcohol such as 
methanol or cthanol and yet are much less 
slippery when dry. This is an advantage, for 
example, in the handling of catheters since it 50 
is desirable to have them not slippery for 
handling but protecting the patient by be- 
coming slippery when contacting an 
aqueous fluid. This is an important advan- 
tage of the invention in view of the high 55 
degree of lubricity of the coatings. Further, 
the coating thickness is not limited to a few 
molecular monolayers as in the case of other 
methods such as chemical or radiation graft- 
ing and may be applied in thicknesses of 60 
several hundred micrometers. In addition 
for medical veterinary and biological appli- 
cations the coatings are preferably non- 
reactive with respect to living tissue and are 
non-thrombogenic when in contact with 65 
blood. 

In one aspect the invention comprises an 
article with a hydrophilic coating of poly* 
v i n y I py ro 1 1 ido ne - po I y u re t h a ne i n t co- 
polymer. 70 

In another aspect the invention comprises 
a method of providing an article with a 
hydrophilic coating which comprises provid- 
ing an intermediate layer of polyurethane 
having unrcacted isocyanate groups and 75 
then reacting that intermediate layer with 
polyvinylpyrollidone to provide a polyviny- 
Ipyrollidonc-polyurethane interpolymer 
coating on the article. Suitably, the interme- 
diate layer is provided by applying a solu- SO 
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lion containing a polyurethanc and a 
polyisocyanate (or in the case where the 
article comprises a polyurethanc surface 
applying a solution containing a polyiso- 
5 cyanate) and evaporating the solvent." and 
suitably the reaction of the intermediate 
layer with the polyvinylpyrollidonc is 
effected by applying a solution of polyvinv- 
Ipyrollidone and evaporating the solvent. 
10 While the substrate may be ::*iy material 
to which conventional polytnv;hane coat- 
ings adhere, it is preferred to use polymer 
substrates such as a polyurethaue resin, a 
vinyl resin (such as poiyvinylchloride). a 
15 polyacrylate (such as polymethylmethacry- 
late), a polycarbonate, a polycy.er (such as 
polyethylene terephthalate,' polybutylene 
tcrephthalate. or poly tetra methylene 
terephthalate), or a rubber (such as latex 
20 rubber or polyisoprene). 

The met hod of the invent io:- comprises 
applying a pol y isocya n a ' e and a 
polyurethaue (or polyisocyanate alone 
where the substrate is a polyurethanc) in a 
25 solvent to the surface of the substrate to be 
coated with the interpolymer In . for exam- 
ple dipping or spraying and then evaporat- 
ing the solvent preferably by air drying. This 
step forms a polyurethaue coating with 
30 unreacted isoeyanate groups on the subs- 
trate. Exemplary of the polyisocyanate are 
poly me thylcnepoly phenyl isoeyanate, 4,4'- 
diphenylmethanc diisocyanntc and position 
isomers thereof. 2.4-tolylene diisocyanate 
35 and position isomers thereof' 3.4- 
dichlorophenyl diisocyanate and isophorone 
isoeyanate. Adducts or prepolymers of iso- 
cyanates and polyols such as the adduct of 
trimcthylolpropauc and diphcnvlmethane 
40 diisocyanate or lolylene diisoi. \anale are 
suitable. For further examples of polyiso- 
cyanates see Encyclopedia of I . >lymcr Sci- 
ence and Technology. U.K. Mark, N.Ci. 
Gaylord and N.M.' Hikales (eds.) (|%y). 
45 Exemplary of the polyurethaue is the reac- 
tion product of 2.4-tolylenc r.iisocyanate 
and position isomers thereof. 4.4'- 
diphenylmethane diisocyanate and position 
isomers thereof, polymclhyleucpolyphcny! 
50 isoeyanate. or 1 ,5-iiapthylenc .aisocyanaie 
with 1 .2*polvpropylene give* !. polylel- 
rameihyleue ether glycol, i .-Mnitancdiol. 
i .4-butylene glycol. 1 .3-hut\!ene glycol. 
poly(i.4-oxybutylcne) glycol. • .prolactone. 
55 adipie acid esters, phthalic anhydride, 
ethylene glycol. 1 .3-bulylene glycol. 1.4- 
butylene glycol or diethylene dyeol. (For 
further examples see Encyclopedia of 
Polymer Science and Teclu: 'logy cited 
()[) above). Chain extenders win: hydrogen- 
containing difunctional compounds such as 
water, diamines, or amino acids mav be 
used. Chain extenders are exemplified by 
1 .4-butauediol. hcxamelhylrnc diamine. 
65 4.4 -met hy le ue -bis(2-chb"oani line) 



(MOCAj, trimethylolpropaue. and cthano- 
lamine. Other additives include for example 
accelerators, catalysts, stabilizers or plasti- 
cizers. which improve or modify the prop- 
erties of the urethane. Exemplary are 70 
dicumyl peroxide, ben/.othiazyldisulfide, 
mercapto benzothiazole, ben/.othia/ole dis- 
ulfide, polypropylene adipate. and metal 
salts such as potassium acetate, cobalt naph- 
thenate. and zinc chloride. 75 

The solvent is' one which will not react 
with the isoeyanate. i.e. it should be free of 
reactive amino, hydroxy! and carboxyl 
groups. Preferred solvents are dichlor- 
omethanc. methyl ethyl ketone, acetone. SO 
ethyl lactate, chloroform, trichloroethylene 
and" ethyl acetate. The hydroxy I of the ethyl 
lactate is not sufficiently reactive to be 
detrimental. 

Preferred poly ure thanes are polytet- SS 
ramethylcne ether glycoi-diphenylinethanc 
diisocyanate (MDlV polytetramethylene 
ether glycol-tolylene diisocyanate (TDI). 
polytetramethylene ether glycol-isophorone 
isoeyanate. polv( 1 ,4-oxyhutylcnc) glycol- W 
diphenylmethane diisocyanate (MDI). 
poly( 1 ,4-oxyhut ylenc) glycol-tolylene diiso- 
cyanate (TDI), poly(i, 4-oxybutylene) gly- 
col-isophorone isoeyanate. polvethvleiie 
glycol-di phenyl methane diisocyanate ( >5 
(MDI). polyethylene glycol-tolylene diiso- 
cyanate (TDI). polyethylene glycol- 
isophorone isoeyanate, polypropylene glv- 
coldiphenylmethane diisocyanate (Ml)l'). 
polypropylene glycol-tolylene diisocyanate 100 
(TDI ). polypropylene glyeol-isopliorone 
i s o c y a n ale, p o 1 y e a p r o I a c t o n e - 
diphenylmethane diisocyanate (MDI). poly- 
caprolactone-lolylene diisocyanate (TDI). 
polycaprolactone-isophorone isoeyanate. 105 
polyethylene adipate-diphenylm'ethane 
diisocyanate (MDI), polyethylene adipate- 
tolvlene diisocyanate (TDI). polyethylene 
adipate-isophorone isoeyanate, polytetra- 
methylene adipate-diphenylmethaue diiso- 1 10 
cyanate (MDI), polytetrameihvlene adi- 
pate-tolylene diisocyanate ( TDI). polytetra- 
methylene adipate-isophorone isoevanate. 
polyelhylene-propylene adipate-diphenv!- 
melhane diisocyanale (MDI). polvethvleiie- 1 15 
propylene adipate-tolylene diisocyanate 
(TDI ). and polyelhylene-propylene adipate* 
isophorone isoeyanate polyurelhanes. 

Advantageously the polyisoaanaic in the 120 
solution will be from 0.4'/' to 5'*' (weight to 
volume - W/V). preferably from 0.4'.'; to 
5'V (WW) and the polyurelhnne advan- 
tageously will be from 0.3'*; to 10'; (weight 
to volume) preferably from 0.3'V- to 4 r ;- 125 
(WW). 

While the substrate generally need be in 
contact with the solution only briefly, lor 
example I to 4 minutes, in the case of a 
rubber latex substrate a longer period of 130 
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from 15 to 120 minutes or more is desirable 
to achieve firm adherence of the final 
intcrpolymcr coating to the rubber latex. 
Also with a rubber" latex substrate a pre- 
5 treatment step of soaking the rubber latex in 
a suitable solvent such as ;i chlorinated 
hydrocarbon solvent, for example, 
methylene chloride, chloroform. 1.1.1- 
trichloroethanc, and ethylene chloride, for 

10 example from 15 to 120 minutes or more, to 
swell the rubber is advantageous. 

The thus treated substrate is then coated 
with polwinylpyrollidone in a solvent to 
form a polyvinylpyrollidonc -poiyurethane 

15 interpolymcr. The polyvinylpyrollidonc 
advantageously has an average molecular 
weight of at least 120,000 with the preferred 
average molecular weight being about 
360.000, Exemplary of suitable solvents arc 

20 chloroform, trichlorcthylcnc. ethylene dich- 
loride. methylene chloride and ethyl lactate. 
The solvent selected will be in: reactive with 
the substrate. The polyvinyl;, rollidonc in 
the solution advantageouslv will be from 

25 0.5% to 10% and preferably !i mi 1 % to 4% 
(weight to volume). While nvire than 10% 
of polwinylpyrollidone can be used, no 
advantage is gained. The poiyvinylpyrolli- 
done in the solvent is applied by e.g. dipping 

30 or spraying tor a short period, lor example 
from 1 to 4 minutes. After the polyvinylpyr- 
ollidonc solution has been applied to the 
coated substrate, the solvent is evaporated 
preferably by air drying. Advantageously 

35 the residual traces of solvent are removed 
bv subjecting the coated substrate to a 
temperature \if from 50* to 1()0°C.. for 
example, in an oven. There remains a 
polyvinylpyrollidonc-polyu rethane inter- 

40 polymer coating film on the substrate which 
when wet has an extremely i^w coefficient 
of friction and is hydrophiiic. 

If the substrate is of poiyurethane. then 
the poiyurethane in the solution may be 

!5 eliminated and only the pnlyisi.cyanatc need 
be used while carrying out th: first step of 
the above described method. 

All steps arc carried out at i-.»om tempera- 
ture except where otherwise specified. 

50 The following Examples mere specifically 
illustrate the invention: 

Example I 

(1) A clean rubber latex urinary eathe- 
55 ter is placed in diehloromethane and 

allowed to swell for I hou;. 

(2) The catheter is removed from the 
dichloromethane and dipped immediately 
into a methyl ethyl ketone Mention contain- 

60 ing 2% (weight/volume) of c^ual weights of 
a 32% (weight/volume) solution of polycap- 
r o I a e t o n e - 1 o I y I e n e d i i s o e y a n a t e 
poiyurethane in ethyl acetate (commercially 
available from Mughson Cuiporation under 

65 the Trade Mark ('hemlock 7(">M) and a 40% 



(weight/volume) solution of the adduct of 
trimethylolpropanc-diphenylmethane diiso- 
cyanatc" in methyl ethyl ketone ( Che m lock 
7200 Trade Mark). Tlic catheter is allowed 
to remain in the solution for 1 hour. 70 

(3) The catheter is removed and air 
dried for 3 minutes. 

(4) Step 2 is repeated but only for 4 
seconds. 

(5) Step 3 is repeated. 75 

(6) Steps 4 and 3 are repeated. 

(7) The catheter is dipped into a 4% 
solution (weiuht to volume) of polvvinvlpvr- 
ollidone (M.W. 360.000) dissolved in' ethyl 
lactate for 5 seconds. 80 

(8) The catheter is removed and air 
dried. The dry catheter is cured in an oven 
at 65°C. for 6 hours. 

(9) The catheter is removed from the 
oven. All steps carried out at room tempera- 85 
lure except where specifically stated other- 
wise. 

Example 2 

(1) A peristaltic pump tube of polytet- 90 
ramethylcne ether glycol-diphenylmethane 
diisocyanatc (MDI)-polyurethane (available 
under the Trade Mark Roylar ES5 from 
Uniroyal Chemical. Division of Uniroyal. 
Inc., Maugatuck, Connecticut) is dipped 95 
into a 1% solution (weight/ volume) of 

di phenyl methane diisocyanatc (MI) I), 
(available from Upjohn under the Trade 
Mark Isonate 143 L) in methyl ethyl ketone 
for 1 minute. 100 

(2) The poiyurethane tubing is removed 
and air dried until the MEK solvent evapo- 
rates. 

(3) The poiyurethane tubing is dipped 

into a 3% (W/V) solution of polyvinylpyrol- 105 
lidone in chloroform for 1 minute. 

(4) The tubing is air dried and then oven 
cured lor I hour at 75°C. 

All steps carried out at room temperature 
unless specifically stated otherwise. 110 

Figure I is a plan view of a condom in 
accordance with the invention; 

Figure 2 is a fragmentary view of the 
condom of Figure 1 ; 

Figure .i is a modified condom in accord- 1 15 
ance with the* invention; 

Figure 4 is a fragmentary view of the 
condom of Figure 3; 

Figure 5 is a modified condom in accord- 
ance with the invention: 120 

Figure () is a fragmentary view of the 
condom of Figure 5: 

Figure 7 is a plan view- of a cardiovascular 
catheter partially broken away; 

Figure $ is a plan view of a peristaltic 125 
pump tube partially broken away: ami 

Figure ( ) is a plan view of a urethral 
catheter partially broken away. 

A condom 2 in accordance with the ■ 
invention is shown in Fieure I. As best seen 130 
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in Figure 2. condom 2 has a base material or 
substrate 4 of polyisoprcne the exterior of 
which is coated with a coating 8 of polyviny- 
Ipyrollidonc-polyurcthane interpolymer. 

5 The base material is secured to the conven- 
tional rubber band 10 at the inner end of 
condom 2. 

A condom 12 shown in Figure 3 has, as 
best seen in Figure 4. a base material or 

10 substrate 14 of polyurethane provided with 
an outer layer of polyvinylpyrollidonc- 
polyurcthane interpolymer 16. 

The condom 20 shown in Figure 5 has, as 
best seen in Figure <\ a base layer or 

15 substrate 22 of rubber latex to which is 
secured a film 26 of polyvinylpyrollidonc- 
polyurcthanc interpolymer. 

As shown in Figure 7, a cardiovascular 
catheter 30 is formed from a tubular mcm- 

20 bcr 32 of polyvinylchloridc having a reduced 
tip end 34* coated v ith a layer 36 of 
polyvinylpyrollidone-, olyurethanc inter- 
polymer. 

As shown in Figure n a peristaltic pump 
25 tube 40 of poly vinylchli iridc is coated with a 
layer 42 of poly\ inylpyrollidone- 
polyurethane interpolymer. 

As shown in Figure 9, a urethral catheter 
46 has a tip 48. a balloon portion 50, a drain 
30 connector 54 and a valve branch 56 formed 
from a branched tube 58 of rubber latex 
coated with a poly vinylpy rol lidonc- 
polyurcthanc interpolymer 60. An inflation 
valve 62 is secured to valve branch 56. 
35 It will be understood that the above 
described embodiments are merely illustra- 
tive. 

WHAT WE- CLAIM IS:- 

1 . A method of providing an article with 
40 a hydrophilic coating which comprises pro- 
viding an intermediate layer of 
polyurethane having i:n reacted isocyanate 
groups and then reacting that intermediate 
layer with polyvinylpyrollidone to provide a 

45 polyvinylpyrollidone - polyurethane inter- 
polymer coaling on tl.e article. 

2. A method as claimed in claim 1 
wherein the reaction of the intermediate 
layer with the poU vinylpyroltidone is 

50 effected by applying a dilution of polyviny- 
lpyrollidone and evaporating the solvent. 

3. A method as claimed "in claim 1 or 2 
wherein the article comprises a polymeric 
surface. 

55 4. A method as claimed in claim 1 , 2 or 
3 wherein the intermediate layer is provided 
by applying a solution containing a 
polyurethane and a poiyisocyanate and eva- 
porating the solvcm. 

60 5. A method as claimed in claim 3 
wherein the polymeric surface is of 
polyurethane and the intermediate layer is 
provided by applying a solution of a poiyiso- 
cyanate and evaporating the solvent. 

65 6. A method of facing on a substrate a 



hydrophilic coating which has a low coeffi- 
cient of friction when wetted with a water 
based liquid comprising: applying to the 
substrate a solution having from 0.4% to 
5% (weight to volume) poFyisocyanatc and 70 
from 0.3% to 10% (weight lb volume) 
polyurethane, evaporating the solvent, ap- 
plying a solution of polwinvlpvrollidonc 
having from 0.5% to 10%' (weight to 
volume) to the thus treated substrate and 75 
then evaporating the solvent of the last 
mentioned solution to form a polyvinylpyr- 
ollidonc-polyurcthanc interpolymer. 

7. A method as claimed in claim 6 in 
which the poiyisocyanate is from 0.4% to 80 
about 3% and the polyurethane is from 
0.3% to 4% (weight to volume) of the first 
mentioned solution and the polyvinylpyrol- 
lidone is from 1% to 4% (weight to volume) 

of the second mentioned solution. X5 

8. A method of placing on a 
polyurethane substrate a hydrophilic coat- 
ing which has a low coefficient of friction 
when wetted with a water based liquid 
comprising: applying to the substrate a 90 
solution having from 0.4% to 5% (weight to 
volume) poiyisocyanate. evaporating the 
solvent, applying a solution having from 
0.5% to 10%'(wcight to volume) polyviny- 
lpyrollidone to the thus treated suhstraic 95 
and then evaporating the solvent to form a 
polyvinylpyrollidone polyurethane inter- 
polymer. 

9* A method as claimed in claim S in 
which the poiyisocyanate is from 0.4% to 100 
3% (weight to volume) of the first men- 
tioned solution and the polyvinylpyrollidone 
is from 1% to 4% (weight to volume) of the 
second mentioned solution. 

1(1. An article comprising: a substrate. 105 
and a polyvinylpyrollidone-polyurethane in- 
terpolymer coating on said substrate. 

11. " An article as claimed in claim 10 in 
which the substrate is a polymer. 

12. An article as claimed in claim 10 or 1 10 
1 1 in which the substrate is of polyurethane. 

13. An article as claimed in claim 10 or 
1 1 in which the substrate is of a material 
other than polyurethane coated with a film 

of polyurethane. 1 15 

14. * An article as claimed in any one of 
claims 10 to 13 in which ihe substrate is a 
condom and the coaling is on the outside of 
the condom. 

15. An article as claimed in any one of 120 
claims 10 to 13 in which the substrate is a 
lube and the coating is on the outside of the 
tube. 

I ft. An article as claimed in any one of 
claims 10 to 13 in which the substrate is a 125 
catheter and the coating is on the outside of 
the catheter. 

17. A method of providing an article 
with a polyvinylpyrollidonc-polyurethane 
interpolvmer coating substantially as 130 
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hereinbefore described with particular re- 
ference to Example L 

18. A method of providing an article 
with a polyvinylpyrollidone-polyurcthane 

5 interpolymer coating substantially as 
hereinbefore described with particular re- 
ference to Example 2. 

19. An article coated with a polyviny- 
Ipyrollidone-polyurethane coating suostan- 

10 tially as hereinbefore described. 

REDDIE & GROSE, 
Agents for the Applicants. 
16, Theobalds Road, 
15 ■ London WC1X 8PL. 
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